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r«8^*'rch reported har«in v«e \and«rt?»k«n as a 
(rulninstlon of tralR^Jtig r«c«iT©d ia th® rs41oloriesl 
dsfs&ss trair.in-' pro^rrmik conducted jointly- by th© 
tMitod States and United 3t!»tes topic 

iav«stli 5 ated »^s selected prtraarily because it 
offered opportunities for practical application ogf 
the principals ’ad techniques studied in the fields 
of physics md the biological sclenoesj in eddlticm^ 
It ves hoped that posit ire infors^tlcaa v«>uld b© 
obtained vfelch could be u»sfUl in Increasinf* the 
realm of kiwmledge of metabolic processes^ parti- 
cularly ss affected by Ionising radiation# 

Onduft opttsisn v«s eatercised in planning the 
scope ami objectives of this project# t the outset, 
this research fu^ject was established with the 
primary objective of deteralnini^ the effects of 
radiation on the uptake of phooT^rus in the nucleic 
acids of rabbit leucocytes In vitro # Since no 
report of previous phosphorus metabolism studies on 
this type of cell could be found in the literature, 
it was deemed eBsentlal that iavoatlgaticms should 
initially be undertaken to determine the nomal m 
vitro phosi^Murus !sotabolism of these ceils; that 
is, vrithout latrodu^in^r r*dl»^tion effects, studies 



•* »* — uum tm 







•<* >* «**• ^ 

^ 4i^ iwiialfiti I— I 

^ viUbBfl* «• 



1 * 



of this rwtur© hMve bacea are raportad herein; 

the prejecft in It* entirety proved to be too breed in 
•cope to be eowpletad in the r»v«»ilrbl« time, and no 
etudies of radiaticm effects heve yet been tande* It 
is sincerely hoped tJwt th© eocperiaents and results 
herein reported shall offer eumoiirnt stir«uletion to 
encout^'^ sosae one else to continue this i*esear«di 
beyond the present state of developraetit • 

The cost of this research ^?sts partl*?lly bom© 
by the Hnitsd ntetes *r?ay, thrmxr:h the alloostlon of 
fmds for the perctiese of l^^boratory mterUls end 
snii»al3. 
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'‘©cttoa I. nirrctl 'a 

or t«r r^WLm, 

Th« pithola^ioffX eff<5crt« of ionising r^fl^tions co 
blolocicti sj'st«®3s are f^irXr knovn, ^wf r«ner?»l 
/iij^ ro ^ o at o« to thao«> '^ro*4i aro prwalla 

*s»ius: th« apoel»ltsts ••ottcorr^ 'd.th this problerr, 
hea tho ao 9 h»]iiae:« Hblch loM to thos« effocta *r« 
etmolderod, honwor, th« oifcuttlon Ic ^uit© dlffaront, 
litarature oa tlio mibiect is .>vwflo*d«jr HLth 
fcbeorias ‘md reports* of ac^rl^itwtlon »tte*^inr to 
proro tha pat tbaory of *dii«hav©r irivorti/5^tor is 
doisif the reiwwiroh* lorna fr thaoriss ■•♦ich postulate 
js»c^i»nlaf«5 csif ®4ti««i have hmm daronstreted to be 
correct In » li-it«d sense, ’^c t«‘r«^et tfceory, %^ich 
ia thorem*ibly dls'ni^sed by J>» {!), c^n be px^.eticslly 
applio-’ to the ceijsid'*r''tlon of to Mi'ro- 

ora^nlams, »nd is probably applioable t<* ao« of the 
problene of the effects of r»di''tlon. ‘^he in- 

direct effect theory, posttil-tlnr the cre*fcion of 
^ctiv'ted radicals In erneotrs eedis, has been deiaoii- 
strvted to bo n pleuslble explanation for c««y db«Tic<‘l 
x^acstloas* The ectiration of »^ter Is ^11 retri«*ed by 
te*toa (2), Neither of these theories csentloned, nor 
any other published up to this tir^, can aet'ount for 
the full sepueaae of frross biolorical ch»n/res Mhich 
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arff initi-?t«d by ionlsinr r^di-'tion, heth«r theso 
effects ere broui^ht *bo«t by the ch-^tn *tetloa« of « slnrle 
series of rclstfwi ev^tSy or of sev'^r**! relatively 
iiidepoadant series, or of mnny unr^leted nhysico^cheisicnl 
plieaoflsena, cm not be clecrly po*tol?ttBd« The ettcnd''nt 
itmormco Is not ftinda«onte.l , but is lojjic^lly accounted 
for by the r:eneral lack of understanding, of the silmifce 
details of the basic life processes. *^hus, the faults 
of an electronic coiapwter ^Ich falls to five the ri?:ht 
saa^«ers can not be properly dlaswsed rlthout a 
thoinsugh understaadini: of the cofapoaent parts of the 
mchiae, and their interrelationships. T*o continue 
the analogy further, such a diagnosis ^uld normlly 
begin vith sa isolation and study of the basic ’working 
units of such a wEK^ine, follcwad by the interration 
of these mits into the properly functioning arranr#- 
laeat idiich constitutes the ^ole xi^orking taechanism. 

Iii biological systen®, the b-^sie functioning unit 
is considered to be the cell, since all the character- 
istics of life can not be diBftonstrPted in rny subordin- 
ate orgsalsstion of natter. *s ^ eoasecuenc©, an 
understendlng of cellxiler org'snisrtion and function Is 
deismKi essential to a cor?g>lete und erst arising of the 
biological phenomena resulting from any «»lven set of 
eircunst*inces« 

The nucleic acids, beinr iBiportaiit constituents 
of living cells, have been the object of considerable 
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* nusib<>r of f^thods of iaolj^tion and 
aaalyaia of both typos of miclaie acids, riboso and 
desoxyribosa, bare appaarod in th© litf^r^tpr©* Lass 
sactcmsiva rasaarch has boon undart *ka« to study tho 
•f facts of relation of thasa organic acids and their 
protoplaaialc eompotmds* 

/drsky and Follister (3) isolated pui^ deaoxy- 
ribosa nucleic acid fowa) fro^ trout sparw* They 
found the nucleoprotein cocipXox, micleoprot amine, 
to be seleetiyely soluble in ila'i:l solution, being 
insoluble in i«Rter or in saline solutions of different 
concentrations t The pure OH A was then obtained by 
dlalysation of the IK soltition of the protsiEdne 
against a 1 Ka H solutl(m* In a variation of this 
laethod, (4), they also isolated the desoxyriboae 
micleoprotein ec^lex froia a of uiimsllan 

tissues* Volkia, Khy!s, and Istm (5) vemd this 
laethod to prepare p&rtt XM^ frms calf thymus. This 
jaroeodure appears to be cuite good as n siethod of 
isolating pure SIH^, but is liMted la its applies* 
tlon because of the length of time required to coei* 
plete the Isolation, being a matter of some weeks* 

nich shorter amhods of Isolation end analysis 
are typified by the work of Schzsidt and T^ianidiatteer 
and of Schneider (7)* The method proposed by 
Schmidt «ad Ttmxmhmmr has been used In studies of 
the effect of radiation on nucleic acid rietabolisa 
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by nolR«» (15,9) He?ir«»sy (10)# ?h« nucleic acid 
fractloiia caanot b« ctnotltativaly obt*»iii«d by this 
aathod ia nsaaonably pare forms# ^chasldar’s 
offsrs * aetl»d of a relatively rapid assay of 
aaouats of I^A aad ribos® nucleic acid (RH*) in a 
tissue saa^lei but does not provide for the €juantita-# 
tive separation of these fractions. Assay is 
effected by the colori??etrlc det©in**lnatlon of doiwMcy** 
riboae and rlboee sugars, utilising the diphenylacdne 
reaction of t»iseh« and the orclnol*H:2L reastlcm, 
respectively# 

HoXaies C^,9) reports-' a series of in vivo nucleic 
acid astabollsm studies on v«rlous tissues of rats 
subjected to ioaialng radiation* Utilising the method 
of Sc^ldt af«i thennhauser, she isolated OKA suid W* 
froci Jensen Sat ^^arcopja and frora rat Intestine. 

Tis^o sables %«ere tak«i fr«»9 rats >diieb had be«>« 
injected with tracer dosos of phosplK>ra»-32, and had 
be^ imbjeeted to various dosages of sc-irradiatloac* 
la her ncm-irrsdlated coa^rols of r^t Intestine, she 
found that the uptake of phosplwjrus in the SKA frac- 
tion to be 2 to 3 tines that In the DK' fractlcmj 
in rats irradiated with idiole body doses of froa 000 
to 2CXK) roentgens, this r*tio of upt-^ke inere*sed 
only slirjhtly to about A# the uptake of phosi^iorus 
ia the TM^ fraction of these seaiples was decreased, 
w'iile that ia the fraction i^mained relatively 













lU 




•fU 






lit flmlilii 









nv 



iS 









mdS tMJ 



dk 







1» m* 



WmtmMtm 



r-olwes co»'*lwi<K' thP upt^k« of 

phosphorus by OK* represents j^tr^bolie activity, but 
that the upt^nke by JttiA jsit^ht be werely mi exchtnp'® 
l^enostenon* 

Trim his studies siusilsr to those of Holmes ^ 
Hevesy (11) eonclt^ed irmdi*»tlen inhibits the 

formation of !>** In both p:reti?in^ ?md mixture tissues, 
and that this inhibitory effect is rredofsinnntly 
transitory, lasting for a m^ttter of so«c hours* 
Heyesy slso <^pleted s<»!i© escperiaioats to detoraine 
ndxether uptake of phosphorus isl«^ht In some cases be 
purely a physlc»l exch^nre, »nd concluded that no 
such exchange occurs betve«a phosphate groups of 
organic coa^i^eunds end solutions of labeled inor?»*‘nic 
:i^8phate (10) • This latter conclualon is strength*- 
fsiod by the vork of Osgood, et. al* (12). 

Licrperos and ?lo«her (13, 14) found tJw»fe «• 
depolymerlsed in aqueous solution wh€wi subjected to 
iOBlaing rs^diation. They also sho^«ed that a almil«*.r 
depolymerlSAtion could be cffoctefi by cho*»jicall 7 pro- 
duced free radicals in the solution. These workers 
concluded from ^ vivo rat studies that radiation 
caused a splitting off of paring bnees from H||« gtnd 
depolyaerisatlon of all 4. Hie later effect was 
reported to be Inhibited by thiourea* 

la this project, it ^s planned to coiaplete a 
study similar to those of Holises and !l«yesy; that is, 
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to ettidy th« csotabollc activity of the nucleic acids, 
aa detojretined by the uptake of redloectively labeled 
|:^si:^ate* siethod of !«id hlo eoworkers {15 » 

1*^ ) was chosen for isolation of the fractions, mther 
than that of ^chtidt and '^wnnhauser. ’^e forsaer method 
is a refiiieaioiit of the latter, but in addition permits 
the separation of Into r^ioro sr>ecific frastioaa by 
cimtrifbgatimi. Since the work of Barcsm indicates 
that is not hoi»5^eiieou5 in its ’•letabollc activity 
throughout the cell, it was deeeod desirable to differ- 
entiate the IWi fr'^ctions by source. Accordingly, the 
decision w«a mde to Isolate three micieic acid 
fractions: nuclear and HK«, and cytoplassiie 
’bile the cytoplas2i!ic itself Is not metsboliGslly 
hcsaog^eous, and can bo further fractionated, ss was 
dcme by Bemom, such • d«t^»ileti procedure was not cot>- 
slderod to be within the scope of this investigation. 

In their studies of mmm liver tissue, iwmusi and 
Huseby (l6) noted that the uptake in other micle?»r 
idiosphoros co«apoiaid© was tron ^00-1^ tines as great 
as the uptake in they did not reach «. definite 

conclusion as to whether the alight uptake noted in 
the !Mh was stetabolieally significant, ’^’ho work 
reported herein Indicate# that ^ significant uptake 
of {diosphorus by can be derjonst rated , using the 
sane methods of froettimation, at leest in Jn vitro 
studies of leucocytes. 'Tie method of Bemw, et. al., 
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\*nB eo«sid«3r^ to b« pnarticui®rly cidvuntJigftoua In 
thi» study as it affords r««ov®ry of the fractioiui in 
good yield, mking It relatively slR^e to obtain 
signlfisant detertainatlonB of radio^otlvity tiillo 
subjecting the tissues to very siaall tracer doses of 
radioi^sphorus * 

The colortaetria deterfsination of phosphorus 
directly selected In preference to the d©tei*?aiae-* 
tioa of rlbose and desexyribose. ^Ince a diehro«etic 
!»ethod iaust be utilised in the deteznimtion of rlbose 
by the orcinol-H reaction, to correct for interfarlng 
8i;d»8trnces, this laethod Is longer subject to »ore 
error. 
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section II. UWU>«rkL r'-TlWrir:! 

A» R3nUL?!» 

r»i3c r^bfcits vw® nmd in th« ccwra® of t^s in- 
All ^re Tomgt idult foanles, raoriaff 
in fro« approxijwtjoly 3.S to 4.5 tello-rsuas. 

dot of the eaiaals ccasoisted of coa^orcial rf»bbit 
pellet© ©uppleaeBbed weekly vdth freeh carrot© or 
lettttoe. “he belli*® of the rabbits t^re kept cloeoly 

©ources of leococyto© “©re utilised 1» this 
vork: leucocyte cultureo ^re obtained fro® the 

perlt<»ie©X eertty utilising^ the ixrocfehir© of elsbei^er, 
ilelnlei «t. ©1. (17)5 second, pare lyHsphocyte ctilture© 
vere obtained fro® the vemifor*^ appendix of freehly 
killed aali!iBla. 

To obtain the peritoae®! leucocyte cultures, the 
rabbits ^re injected latraperitoneally %^ith 300 isilll- 
liters of ©terile physlolo^^ioel saline (.^5^ Ha«^l) at 
approximately 4t00 F.^% on ene day, follo^-ed b^ a aial- 
lar injection at 9:00 the follewinf day. four 
!»>ttr8 follmdag tfMs second Injectlcai, an exudnte, rich 
in leucocyte©, v?a# witJxirjnm fr«^ the peritoneal 
cavity, utilising a sterile nuafoor 1^ needle attached 
to a dry 50 willtliter syrlarre* The medle© utilised 
were iwwilfled by the addition of 3 side holes bored 
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no»»r tla« tip to facllit«to tho flov of oxudjpto •nd 
docroaoo the likelihood of blocking by the Tie cere, 
^hiring all insert tone, the rahblt board >♦» tilted 
apprastimtely 45 derreea, the posterior end of the 
aniael being elerrated, »o that the viscera %^ould tend 
to aseye anteriorly sad out of the path of the needle* 
the anlnal we left la this positlcm during the la- 
jftoticms, but vas returned to a aoj^-^1 horlaontel 
position iataedi'^tely aftiHf the insertion of the needle 
for vltbdra^l of tJie eooadate. The tl*« required for 
injection ^8 eoiee*diet variable, but generally short, 
laating froa 10 to 30 iaimit««. Successful recovery of 
eseitdate wtB umtaXly effected In less then 3^* 'inutes, or 
not St kll* A recovery, of «t leest 40 »illilH@r* of 
sj(u*i^te y*s considered succ^sssfUl, «Xt^<seQih obout tvice 
this Much is preferable for •ncceasfal er^lytical pro- 
oe^urest In the six anl’aals used, reccv^ varied from 
0 KO 125 milliliters, fwierally running fC to ^ 

i^lliliters. The only visible effect caa the rabbits of 
the ain^ire procedure yma e laild diarrhea follo«d«c in- 
jection. t^soe exud-'tive cultures ^re reje'-t-el due to 
soasid«reble erythrocyte eonte«ii»etlee * :^o prevent 

such eontasdnatien, several pre^eutient were taken. 

The rabbits aere hAsdleo gently as ponelbl* to reduce 
t^ir fri^it son keep ther? la a quiet, relaxed state 
diu*ing the proeedure; aost of the rabbits bec«M quite 
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to tho prooesi®, *nd r**vo very littlo trouble. 
Insertions ^-^sre nl%iaya in the rddline, to decre»»e 
the possibility of rupburlaff blood vessels. i recent 
paper (22) swj^jfrests a sliaple i^thod of overcorainj; this 
difficulty. 1!h« exudj»t® could be centrifui^ed in a 
li^ht plastic contslner, such as a plastic strav, and 
then quick frosen* erythrocirtes in the culture 
^^Id be in a layer above the Imieocytea, boiuf^ lig^eri 
and could be readily cut avTay >dth n rasor blade, leav- 
ing a pure leucocyte culture# 

Pure lya^hocyte cultures ^’or© obt«^lned from the 
verKifora appendix of four rabbits. To obtain sujh a 
culture, a rabbit ves killed bet«^®R the hours of 10s 30 
A.K, and 12 j 30 P.H., by suffocation vlth a ohlorofom 
msk. The appendix was renoved, washed In physic logical 
saline, and then opened doxn one side, so th«t the 
sneouss was completely exposed, and the tissue could be 
laid out flat# The epithelial lining was th«i strl|^»ed 
b«dk froia the tissue with tweesers, ©xpostny a moss of 
lyrt^jhocytes, idilch vere gently scraped loose ?«id removed 
with a scalpel. The recovery of the free lynphocytoa 
frcHs the excised appeadis re<iuired froa 5 to 10 mimites# 
iJuring the procedure, the tissue was kept bathed with 
physiological saline. 

handling of both types of cell sasaples w*s essen- 
tially identical after recovery* The smaples vjere 



w»*hed in baff«r©d lolntlon, the c^^^eltion 

of the eoltitlon being ns shorn in ‘^eble I. The solvit ion 
mm checked prior to noe on e Beokitten pli Mer, «jad 
brought to irf! 7.4 by the eddition of C,1S leOff or i;* 

HjPO^ ee noceaoery. a rule, the is: of the tsolution 
genermlly lo^, and the addition of e mmCLl a«30unt 
of hydroxide m» required. <ftor i#e8hliig» the miep^- 
eiona vere ceatriihged the supemate pipeted off. 

The ^ahed cello ^t»re then Incubated et room tee^ereture 
in heparlnised rdJH^er-Tvans 'solution with e tracer dose 
of i^Mjophoros-32 edded as Tracer doses of 

^Sioei^iete vdth eetivltles varyin?^ ^roa 2 to «aiero-* 
<sarles of phosphorus-32 mre wtiliaed. tcodfitive 
leucocytes were iacubotsd for 30 aiautee in 15 milli- 
liters of Hlnger-^an® '5oliition vdth 5 nlllifrafflis of 
heparin and frow 2 to 3 Microeurtes of pho<nhoras-32 
added. These solutions were not chertked for irf' after 
addition of the radioactive phosphoric acid. 'Those 
solutions vere occasic«ially stirred by hand with n 
glass rod during the Incubeticm period. Lyt^ocyt«»s 
were Incubated for 30 minutes in 25 odililitors of 
Hiagor^Tvans Solution, brourht to pFi 7.4 •fter the 
addition of 7.5 ffiilllgraias of hspmriM and arnroxi- 
iMtely 5 ralcrocuries of |^o»fsho(rtis-32* Turiiift the 
entire in«ub«ition, the guspeneions were stirred rently 
with a glass rod driven by a stir motor* ‘fter 30 



Incmbation, m^p^siana v«re c^ntrlfti^od for 
10 i 8 ln»t 09 with a c« 83 trlfu^l forca of 500 xTpavity 
(ratting oa Istarn. tioaal ^^uipenostt owpany *'da© 1 
odol Z 50 %entrlfug® with has?.d nnnhar ?33> utilising 
10 millitar oantrifiac© tx^sm)- 

ATtor r&cavnrf of th« 'mahoA ceXla, nuoloic #»cid 
fs*aic; io»« were reeovej’ed follo'da^^ the prooeduree of 
ijKsm mA coworkere ( 15 1 If)* The diets tied steps of 
fr?*ction^ioB are outlined in harts I, 13 III* 

T?is oonstruction ajad desoriptlon of the ott-'T-rivelije* 
^\*^^g«ni8er used sto cnitlia®*A in ppmi&ix I* 

To verify saccessful separation of tho cells into 
nacle r and cytoplasjsio eotipcmmtSi misrosoopic slides 
«re habitually s»de of the wai^lted miclei after ccKaple- 
tion of the citri^f acid •^shoe, m& at^.lnod for tr© 
'tinutee with ri^t*B Ctaln* t!ndor the oil tsnersi<m 
l«i», these slidee showed Intact mclei, 'dtk only 
o<^eassionally som slight debris. 

Iiroe nucleic acid Tract l«os were re*overed -jid 
analysed in this investigation, tho fractions being 
kite eytopLaeilc ribose nucleic a^id, the nuclft'-T rlhose 
nucleic acid, and the neclerr desoxyrihosc nucleic acid. 
In addition, a soicple of the radioactive inorganic 
linger-fvaas Solistlon from 0««h incubation was saved 
asnd ^aialyaed. 

rhosj^orue content of mc^ fracticm woe detemtned 
by tlie awthod of L®Fs#re (IS), flonobaalc potasslua 
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th« sTtandni-d soltstlon* 'lost 
ikaslysss mv9 run >.':*-last i* st*ad«nl of 0.1 aicrof;r««> 
of piM>spIiorus p«r »lXlilit<nr. :olorlsi 0 try \fsm acoon-* 
pliShod on an Swsljm hotooiactrle coioriaetor, iislng 
tih« a»vJTo unit, ^ftth ^ 54 O .alU.ip'jicrcari filter. 
>^Trel«ngth found to civ© f^ood remilts over a *^dd« 
raiM> of phosphorus ccstiscitmtiins. ' standard citnrs 
i »9 plotted m sied-locr rltihndc p^per sdwlJig concen- 
tration of phospnerus u liaoar -bs-;iss» versus oolori- 
iStor rsndixk; 10 log.'rithtds ordlno.ts. iio best ourvs 
to fit tlm points i>iottod v-s Jet<nr^iiMc sf.tlstically 
by fi ll in g the regro&sioc* lln* ol loe reading on oon- 
cisUi^tion, to otttltnsd by Richer { 19 ) • TIi® resulting 
sta»i«rd cuarve is aboan as Graph !• volorir^er tubes 
user •^re «st-Jiir. *t the 10 .-slllilitor l««?el. hsn it 
foisicl nsctts^sie.ry further to dilute so^e sarplee to 
obtain good coloriestor rendlncst lllntisns -More aceocs- 
plishsd by adding elth.er 10 or 20 i«lllllitera of doubly 
distilled imter rltb a 10 •lllllltrr voluastrir pipette. 
fWa solorlneter tabes •’sre rsgulas^ly cleaned 1*1111 clsim- 
lAt solution and rlrso ».ith doubly dlatllXed '—ter 
prler to in»«« tW trlchlorosi^iftis ecid used in the 
fractionrtlon process vm tested for phosphorus con- 
tesinttion %a by iisk© md Dubbarow (20), 

and found to be r^iO®r*^^**is-froe. tia 1, 4 ■’lino- 



srphthol-sulfonic acid used la ia:^parlng the rtske (md 
Jubb^row reduelng mg,m% mm reorystallised as recoansnded 



thfsfii prior to uo®* mrant ^3 kept 

’mix 8top|>or«d in ® ^?wa bottlo, »ad ia a cXcMiod cup- 
board, aad a a«^ stock m» proparod sbout wary four 
^®k 3 « TIosults of the aaalysos mda ladleat® that the 
solution probably should h^*T© bean rMie^fod raore often, 
poasibly every two ^eks» 

^Xter the ©oiapletion of the coloria^tric analysis, 
the sashes evaporated down in alujaina® planchets 
on a hot plate at a low temperature^ Samples mte 
counted to deterr.lne the phosphorus -32 activity in a 
proflusdi flow emmter, usini^ « 'f^cerlab *ufcosc«lar 
to record the comtt* *11 IV’^ctions from the seme 
original sssiaple, iacludlnc: the imrg*nlc supensyate, 

coufloted at the mm tln», m thnt the use of decay 
oorrectioae wee not arequired. ^bout 0,1 isl3Lllliter of 
the supemate containing inorganic phoex^onis ws 
found to be s eatlsfactory sas^le for both the colori- 
laetric det^r^aiaation of phosphorus, and for tl» 
detersiiaation of radioactivity, ‘ceordlnyly, 10 milli- 
liters of this sapora^tC' w»s diluted to 100 milliliters 
la a voluaotric flas^, and a 1 milliliter allepiot ws 
utilised as t)ie sample, 

la analyaiae the lyaphocyte fractions, it ms 
found desirable to take a 5 or 10^ aliquot part of the 
two nuclear fractions for colorimetric analysis. After 
these sacaples were wet ashed, they v’ere to>ught up to 
the 10 nillilitor mrk la the colerloeter tubes, 
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pnrt ccmsl«tlar of «ithrT 0*5 alXllllt'»r or 
1 vmn then '^Ith • seixjiofrical 

pipotte and placod la « el*an c50lorl*aotf*r tube. *?1i« 
pipetto in ©aeh caa® vias th« vltb dletilXod 

rot«r, ^Fshingt boingr to tbo ^rislnaX tub* froa 

i-jblch th« aliquot ^n® I'^ahizv' dono 

to prevent say lo»s of 3padiopho&r:^.onss. spproiad- 
St# sxaouat of lOSI tlj« tdderd to th# aliquot, 

ao tiiitt th# fra»?ti#a ^Ptuall3r ^n«»ly3ed contained 0.4 
’^.lllllt#r® of ^cld, as rprtiirod* 

*v03ults of sn»>ly3#j of tho asaidjftlv® loo-jocTt#® 

OH lycfihocyte!® art tabuXat#5 in >bles II ind III, 
roapcjtlvelj* ;olorio»ter roadinga Xisto2 i»i th### 
tables are corrected r#edin#;sj i»e», corroctloas to 
> ;^ouBt for th6 ncm^Une^rity of the ^alv letor 
scale, as fuzmlshed by the panuf’cturoi*, iumro been 
epfplled. Kolatlve specific activities listed L^ve 
been determined by dividing the s|>©cific t* ctivity of 
*» naslolc acid fraction by the specific activity of 
the oorresponding inionsfmic fr*^ion. 

"Ince the specific a<?tivlty of the laorrasiic 
supomate is not ecmpt*»nt ^eon^ the varlout »c>fsri- 

con^perisMis can only be oHe b#t'»v[#n th# reoults 
of the dlfferoit SKperlieentB c«i the basis of th# 
ralittlve specif 1-s ect,ivltiee, defined rbove. 
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3ec|ion III. vxsxs^vyn •mt oann 

•rulysfts -'««?« «r»rri©J out <m Uly of 

«fcdati?e IfltocooTtes, miA four n^l«< of Iv^^o.-ytoo, 
from yoa/m •dult r*bMt«, '>ft»r UK^t>K««iOD vitro In 
bufforod «tngeiw .v*»as .^lof.iofl -foni^into dos«8 

of ^bosp>boru8-3i at8 pfeos9iiAt4. 

'!We d*no in Table II, obtelAatf fpM tJjif 
of the ioi»e.vsyte sti^lee, nive li%aL» in«i in Into the 
reli^tive phoophorue »crfe*»boli8- of tVi mi*:!*!* tcid 
fr'^ctiono c»ksly»ed. •^t the ri- 

b03d nacleic » id fro^ seajsl* 10 a«4 of dvjroxy- 
ribH>s# madLeic said from si^-'ple 1? %*©ro as 

a p.*rti^i loss of th^se fr»«ttq«o ym» inairred before 
tiiQir radicmctlvity w^s determined. la the oese of 
the letter, the loss ooctirre*" m tbe ion 

bei*i* evaporated in *n #‘iunimc' nl>saK»*, rn it hot 
nl'it©. The plan£d%et developed a le»k, pooeibly 
bojsuse the hot plate uns too hot, mmo 

Alfftrult? die not oecrur In ^ny oT the etiior frae- 
tiooe beii^ erTpoi^ted «r the s*»«e tt«, eibsooiMDit 
to this acei4sar, ail ni/ ^hst s "fare oarernllv in- 
^>«vt,od for f Splits prior to wb», «mil c»re '•%© exer- 
cloed to insnre that the hot plvt^ osed fo- 
ev^rarmtion of the hee^ et *> lo*? to gpe r a — 

tixre. 'he relatively lo>r r® o**©iry of ^loepf^orus 






-A 











® 






•M li ^ 






froci tlwr oytc^lMmalf^ rttiftve na«l«le *^..'14 of »«r»li%8 
11 a*^ 12 l«ad to •ctivttl*« 1» thme oassplas i»*ry 
ffllo— to ^ckgroond* ft ootiso^ti^neo, tb« r<»ftnltft 
of of arr 

mt cir1vlno^^n m u««» rodolt* ott •!««>« ftw 
mmlfwm of th« oth<»r oa9l«»« 

^atftndsc th»t th# r^aoroty «f ylMr<ionu 1« tho 
variouft frft^ctixOTO aanlTao^ 1* rc»««^ja.T oa^tlf'tivoi 
f^boist 70 of tk® riaoloi i-ro rocororo^ ^ffcor 
iMiConlaftticmj (and tli<*t ahoap^oj w ror> »wn 
IM of tim total «»irM of ribooo ft»a 
rikfto® «tt«loie otiA, ®11 boltir taMt* oa 

thm »arrft of l»T ft wn » «t. *1* (15) ♦ tH« eon3idO!r»tiftO 
or UiO r oo ft - rry of pkoopkoruo In all ioitaxyto fr<«io* 
tixn lodioftioft tooc thft roIfttlTft obsums of dooosey^ 
rlbooft aaclftie mulMr rU>«M« mtelftlT *>id «ad 

rvytoplaieiic rlkoo® nadfide ftcld is» fiollo allow 

ft «akio on tbfi ordor 50 t 5 $l. 

4^10 analyoftft of tho l3ni|^‘5yt« sa^»ploft, the 
#««klto of lihisli *rft li^ftd ia Vabl® rii, voro -<*r« 
iQiBMft>l tkM %ko ftaftlyono of tko lou^trto sftar^l^t 
^ lyv^it^ocyto fz^otion ««« lost darlor Cb® e»a g i O of 
th® ftMlyoo^. 'll® not MtlviV/ of ft®>^ fra-Uon 
ftodybaa «3M» ftblTl^iODLly fEro«t «o ^aap ii.td to ba«k« 
y«>f* to bft ot^tisticsllT iTaas * ^ octlTrlty 

^ UiO ofwoltfl^c ribo«o imcXol-:^ •<^l<i fr*<:tlcm ftf 
o«B>lo 15 *ma suite lert^^ but tbe olfStiXi'^uw-e of tko 



count. i»cro^»»od bv ufcillain* % hl 4 ^ 

eto« a<io«]^8 ttm In r»ar^',tu* r»ira««tjftx 

tl» eoael<lar!ftt;io3% of thm ro'je^orv of Ttemfhi*ra‘y fvtm 



Tf 



«3ll lyvhve^rto fr-»ctlc»i» inAi‘«u»o vJtet tn-ft »-%l-elir« 



MABifrt «*f d«»ox7rjJbo«^ t«i>cX»tl. cmciXw' rlbo«« 

iOi<£l#ii2 acid aiM eytord a w w i? riboaa roi»Xoitf ^ U in 
toaaa eaXla abov a r^io of ta»a of 

TSia jaaan v^uoa aro C. -rL', 0*CCX, roe- 

r'#«tivoXy, for tho roX»tlvo »pa«lfii • itviiios of tl*« 
daaox^Tlbo^a <aii?loar rtboso aix loie a<?id 

and ytopXa« 9 ic rtboao narlai* • it! froM lyia^hooyto 
«fl^i|dLaa« Btaadard orroris ^ *Uf-y n««m for 

thrao aeaa valu«i, w^au ad ’■-^.cordijawr t-o social {^3), 
SBPO 0*000^2, 04iiOrx ms 'Tcordinal', osks »Tay 

•taao» with ap?>raKi»*toXT a ^X< chance of hmim rlrfst, 
thJt the true a«AA vtluoa li« ^Usln the re^icmo 
O.OOOS- 0 . 0024 , 0.O£l?-O,O54 and 0.013-0,n^J, 

"H«o« oonoidm^tioea »ho^ that, ^th t^e diaoeroion 
obtained in the reauXts* little weleht esn he att'cho.: 
to the flael aho*® in 'able ITT for the r^xlo of 

Uw aBBO iraXueo of the rel»tir« s?»acifl? a'^ivltJee of 
tb^ Viree nclai acid fra;tloor, 

V study of the dat« ef both INble 1 fowl ebl* IT! 
has barns wide to dotemine if anr unaontrollod s«ri- 
obXea In the @:^:p«rii<^!S3ts cm be correlate »ltJli tha 
'4de magm of results obtaiz%ed« 
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lacordisg to nmmy h*0 • 

oli^Uft^nt ^ifesorption uooffirleam for •-hr 1*7 fdlllan 
olectroa volt («*fT) bot<» ^ni loo iitod by rtw**- 
p^rwi 5 ** 32 * 3t»eo tb® ptsosphom# of n«clol« ncid 
fraetlcmo 1st this Izivofitlter^icm 1«( or?>»r>%od iMwo 
» fi^opihomDlybd^o oo^tolor, tbo d»t« ossa^aod fco 

dotorsain® tdssthoy* oolf-^sboorpti **n In the 
be « emase of «*!» imriatl«i«* lk> ecrrel-iti<»i e<*uld 
be found betveen the amounts of ohosfBhorns re- :o v>ge<? 
in the fm«tlo®a and their »et activity to indieoi-e 
tk®t self sbw»*|rtlcm rdn^ be e portiiven* fe.?tor. 

'll samples nrwilysed ^^ere iivnd>«torl in redlo«* 
active relation at roor to* T^rattare. 

^aria? the course of those «jEperiv«W;n tho t^npearefciire 
of the laboratory did not vary tnre t^a j d^rreoMi 
eontigrade et sjost* -’'Sjtre tb« Inrndmtlmi po?»io<»s 
were of SO mlrnitos damtlon catly, my so<di vairiat-^mo 
in tosjperatixre would not lihely affect the r-»fe of 
uptake of phosi^ioxats by the cells to my alimlfic<ait 
dsfopse. 

The radioactive solittlotis In <*^vK the ^»lative 
leacocytes •'^are laifsbatei ’«»re net obe te^ for p?* 
snbseeimt to s^iti^ of tb« rsdlo^itlve 
imilvT solutions in »dsi<>i the l r j wfa»* yi ee -ere incu- 
bated were so che<^ed, however, nad the corractod 
to 7*4 ne essary* *a ti eestse amoe, pR of 
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iiue^)«aaioiis alirHt be » mn^ v«rln.ion 

i» thm r«ffult« of «i«ly»ia of tho Ioaoo«y«o bnt 

not of tho ly^pliooyto o%«olo«i« itn»« tfeto rdntr^i>‘^\m¥9 
oliAimi ia btifforod, aad tSm mmbor of oruiv^l^oto of 
otiio^ in mxf oa«« «■•# cioito m»Xlf tho probabil- 
ity Is 8 s*ill thet large pK ohmgoa ooearro 4 In the 
les ooyte iniapeael0»8 folloadng the edditlai of the 

TSiere Is a possibility that th« Inesr^w^i/.* free- 
tio«^ frc« the redii^ctlye flijEMw-* Vane Solution 
«^^oro in som mma eont«a 4 »^e ©rgi?nl phos«> 

l^osvs* 3 ath eoBtistdn^tloii ssl^t er-coiett *or fiie 
ysrietlon in soe^lflc activity sro^ the 
fractions of oeopl^ 1 ^, 17 ««kI 1 ^, each of ’whidh in- 
tlutei the oftsie nmmsn^ of mdimotiro t^hoopoirr* ^ • 

"Trcars in the deteriliMitiOB of tbe spec;iff -'-tiviti*^ 
of U» iaorg?«Eila fractions, e*mmd br mu f* cea c . Tvstn e- 
tlflt, ^tioold tend to Invalldete the ooe^riscn bcrr.*fOon 
rei'*tive specif i'* activities of the an *1010 
fracticsss amme the sevoral ser*»l»e. errors 

««9«ld not be ra»kr^ in nntuz^, sin«e orntmisotl^ of 
the lnoirr*mic phoopharms -would UisTh lead to too 
e relit in the d^esriinat ion of the specif l-» activity 
in tm inorc^aic fraction* "lute tW* Inorgruie re>«o. 
t^rus doee not nee* to bo aidied prior te the 
ooloriaetrl'^ deteirinat Ion of phosphorus •• ortho- 
fbeapii»»te» vtri*»tions due to t?gmt"i1netiQo br or^enic 












«i Oil 




ph0«I^Mam« lAircar h* mXfitUm th^ 

««t a^iiiir of tH« ljtiorr«Al« £V9<7&ieiis rrlor i* tlw 
fioXorM^e d«tif«iM^lMi of ptoi^horus* If Ite w»t 
oshlDf; ellnlBVMd, ooBtoaiiBMion of mn |n«rr«yiiff 

by • n ^ ont i f^ioophoTVA ^mlA tm£ t»& t^amo n 
mXit^ imcrmmsm in tho apo^Afit mg%irttr of tMa 
IV«toilSB» aa ibm t^looetlvity of Uio otmto^iiMF^ 

••oOd e^UMO m inrrofiso la the noaourod aot nctlritym 

t 

m iacrooao ¥ottld ha armlX, ho-oror, o1a 4«^ 
undor tMa oaaiiiUAo of Itho inre«tia:mtiomf aioa specie 
tie a/Oitvitf of tJba rotflMcUiro MamoK^'^m doltaitlon 

^ma I.— r r lly to be 0Ml4i«Rbly ^omow %hm 

CJM of wff of Mio orc*^Bi« fra:i.io»o» 
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SdetlQfi rv. Cl’aLVdlAU 



em th9 «t«vi pr««4mt«dt iMvin, 

0omXrMUm9 hsT« lM»«m r«A<^k«dt 

(1) Th« tttlll8«d in md 

mmXf 9t» ot th* «u i«l' «>id fr» colons of* 
lo^oooy^os m4 lyiaidio^rrto® i«r« smltoble for 4#for?da- 
ing ttwi r8i.itivo met- upt*tfce of vkoopboraA «iid«r 
tho sonditioiie of tlio 9xpmnmxi^.»^ 

(2) liooufficl^t ll^YO to 

P0snit tho of » •taKfl •»rt 

rotio th« vpcU* at 

the m^A wiAor t»^4i o«nlir go^ift-eJ. 

iho d#t« 4e t»dis»t« th<it, la the Ift^^otytoe, upt>k# 
of phosi|^n» is noet r«p44 ia the a^l^r rlhooe 
aucloie oiid imd lo^ot rmpi4 ia Iste dOHosyrlKoio mMlelc 
acid; Ixi thm lou .o^oa, apt^* l« Xoeat mpli in the 
doaoxTribooo tm loi«' e^id. 

(3l Xh both types of -altaroe o^vUt^d, tha «ip»pon- 
dorvaeo of s»»cXoi . aald lAoopl^ras io la the 

dOsoacyrlboae frection* 

(4) 1th tsho aaoMOittloa of fartb^ dot*, oti 
ext^aaio!} of ti^ exporirowa^a to tdv offoeto of 
r2^iiitioii on tho rolotlYo upt -h* of jd^FOtima «usmr 
the »taolol$ aaU l^v^tono otodlod ofeoiOd ho 
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in 4 (?oid saline {O.SS"^ 

Hn ::a coataialn^ 2 »1 0*IK S^H/llt«r) 2 nlnntes, 

Th© Fott®x^”l’y»hJ^ tube and pestle be ice 

csld. 



^serstrlftise C140<^rfivitT», 4 isinutee) 



2mtr^\3^^ (5003trravit^, 10 Mimstss) 
!Epe^te''S 2 



:)srtopla^3i« 

'ktract 

Beeserkes a* U«titrlfuge »ettl 2 Si» "20‘{osi Inter* 



natien?*! '^'*eulpra»«t 3i35« 1» 
.'Jedel "50 Contrlfujpre >«ith heed 
msrdser 231, aste 40 isdXllliter 
e^trifwre tubes! • 
b# Ceaitrific* setting '"lO, 



diert !• Hotnogenlsetion ef ells m& Sepers* 



tloa Into :?|toplaanlc end Rlicloar 
FreetlCNos* (After Barntira, et.sl.) 
(15). 



oupowiateTT 



"■SsIiRre"! 

resRsspead in ©old 2^ 
citric <cld* 



^d to 
Supemete 1 




^permtes 3*12 
to 

Snpeimte 1 



*ftor last 1 niimte spin, 
stir and respln to ?ryoid 
loss of nuclei • 
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HAk« thm cytetilwsfflic axtmot ui> to 10*: v*tth H«cl 
ao soon m it is obfcaimd rrtwt the o«citrirunl fr^c- 
tloa:iti^» Heat in e boiling voter bath 30 rrinutee* 



f 



lU|>er&AUe 1 
Precipitate tor 
honrs after adding 2 
volisaes of abeolnte 
ethenoX* 
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— ^ 

' esh >lth hot 10< 
and odd ••ash- 
ing to npemate 1. 
Disemrd residue* 


t 

Dw^rlfap:© 

f 

t 




i>i3EP«rmte 

Diflcerd 


Me^due z 
'dissolve in eater* 
'dd cold YXl* to 
obtain a final ooa- 
5eatz**tlon of 

f 




f 

Centrifoge 

t 

I 


^^nperseie ji' 

'ds^rd 


’ ash irith odd 5 * 

T , them hydbr^lyse 
in 5' et 

•. for 30 admtfcee. 

The prodU'^i; is role- 
tivolv ratre ribose 
mioleie eoid* 
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Appendix I. coRtrstu-rru* •!-) ofi.'Rrmcm 

or mTvw^^jjnnj^ (mnoatiiOi 

Th« SonoT-»ni»«r u««d in this work 

weis eonstructsJ. from n 2 Chd 50 r:u.lifwtw ^yrex test tube* 
'Tb® Inside of the tube rroimd slli^htly vith a lifjht 
su»pen«l<^ of carborundun powder in tf^ter* * aiMller 
tost tub® fitted with a one«4)ole stopper and a fj.as8 
^Irrin^ rod mm used m a pestle, and driren on a stir- 
ring ootor, to effect the grliiding* 

The pestle for the h<»io|;aii3er was nsde from a 
piece of Luclte rod fitted with a inch hress rod 
19 contlxaeters in length* The lAicite I'Od, 2*5 eenti- 
laeters long, ■was center drilled on a lathe to a depth 
of 1,5 cmtimst 0 r 9 and the brass rod v?>8 set in the 
iuclte vlth a thidc aiscture of plastic resin glue* 

The Lucite ht^d was th«m ground with fine e-sory paper 
lastli it fitted the tube* Ihe fit was considered 
proper w!mki the tube, filled with ^'sater, %«ould slowly 
drop off the pectle* Totter (If) statee that this 
repres^ts a cle^srsixxce bet'i^^e© tube and pestle of 
approadiaately 0*1 mllljUaet^ns* The lo’^jor edge of the 
incite was then beveled to fit the contour ef the 
curved botti»a of the tube, mud the tip was scored 
along several diaraeters with a coping saw* 1^ tatter 
^cp wee taken in lieu of placii^ protruding heads on 
the bottcm, as reocwmnded by Totter. Te^^ds --ere 
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Th« ho?3x>g0nl®*r postlo drlr*n hy «ft ©Ir^riTen 
Btir mtor* In uao, iu©t eacmr^h force 'was snppli#^ 
to ^0 Motor 90 that friction 'sicmia not stop the 
p&stle* 



9dw 




BlDLIOGin^ 






1* Lea, n* p#, ^ctlens of Imitmtieme on Llvin- Celle* 
Hew Tork, The Mac*Ull»ii ^oop^ny* (1947) • 

2* Burton, K*, ?^eei«it«ry liwileal rocesses in Esdlo- 
biolorisal Reactions* 'tosdc ’^crgy '^•wdaelon 
Do(siia»nt (1950)* 

3* rollieter, • ' • aikl Mrsky, A* F, , The Kueleo- 
protanine of Trout ^pom» J* Gen* rhysiol*, 30 . 
101*11^^ (194^-«47). ^ 

4« Polllster, «• • and J4irsficy, *. %, 3irof^elii, ^ 

ceeoxyribose .Jucleoproteln oaiplf«e of the ell 
Nucleus* J« Gen. Physiol., JO, 117**147 (194^^47). 

5* Telkin, RhySi J. l* and ohn, . The 
Preparation of ^ ©soxymicleotldes. ’to«ic ’nergy 
Coigsission iiocuraent 0!tt-t43 (1950), 

6* Schnldt, C* and Thmmhauser, S. J., * >tethod for 
the ©temination of ^ ?<acy;'lfeomicleic ’old, Tibo« 
nucleic 'old, and Phosphoiu^eins in ‘^nimX Tissue* 
J* Biol* h^u, I2i, e§^T U9/>5). 

7* -chaeider, ’ • C*, hoaphcarua in nlsisl 

tissues I* HSstmction f-ad ‘''‘stismticm of tSesoxy* 

r tose :ucl»ic cid of ^ nntoso -u'^leic 'c*id. 
Biol. Jieia*, Ifi, 293*303 (1945). 

!k»l!g«s, B*, tSie Inhibition of 'Hlbo and ThyMO JIuclel 
cid Syntheses iii Tunour Tissue by Irrell«ti<m with 
X*R»7«* Bad., 20, 450*45S (1947). 

9. Holaes, B*, The Indirect Infect of T*!b'ys on the* 
yathesis of Tucleic ^cid in ?lyo * Rrit. J. ^ad., 
4^-491 (1949)* ^ 

10. Jeresy, G., Badloactive Xndicstors. Ke? Tork, 
Iateraci«tic© ‘iiblishers. (194'1). 

IX. Heveor, c.. On the 'ffect of To«atc^«n Rrrs on 
;ellular DiTision, R«fF. Mod. hys., 17, 102-111 
(1945). 

1^. os^^ood, , ti^ J. 0., Tly«y, ’tierst, 1. 
and :««Ksaa, A. J*, Growth of Hmim Lotdcenlc 
Leucocytes 1^ ItfO and In ^l.vo »s ■ easuro^ by 
Uptake of ^ in besoxyzo^so ucleic »cld. 

Science, jy^, 95-96 (2? Uuly 1951). 






iCCft 



u 








n«u5.r* 



I 






i 



t4 



f 



*«• «J ^ilJ / iil 



f 




•Ttivi} #» 



MM .» 




•f 

4 

J^ 



.t 



Jl 





13 « Li£i7>0rod 



-37- 



Lliai> 0 roa, 0* and ;fe9h^r, , '-•o«nt-»^ Irradij^- 

tlon of DoooxTrlbooe 'cid J, Af 

of Doso^c^rrlbose Fiicloie »cid ' 

‘^oont-onol, ft -hi-rapr, 

15# Bash, . * ., lyrarrd. 0. 

•jul \e^5und, y*, ’ihe '^^^parat^lon of /ostooo iiift 
pesaicypontose SticXois ««sidt fpcr~ Tsc»lntf “’^rwe 
<19^) 'rsh* Bioahess., 2^, 37^-3^ 

X6* ^xmai, C. F. mssobT, The Intrt cellular 

het^)!>:&mitr of ?®«t09e r«cleic *«ld as "Vldonced 
b/ xnoos^ratlon of ^tadiophoiriioriis* rch, 
Bloch<n,, 22 j 7*^^ (1^50), ' 

Burris, *?. H. *md Gauffer, .)• r^* 
BftiiQiietrlc .oohniQuea and ^tabollan. 

»'a«#opoU», lAtr-ese Fublishir^ «»i^ny« (194*3), 

13* Fl^er, S. H., Statistical 'Othode for rratsrrh 

ndinbur^, Miw ^ n-i 

20. '^ke, c. B, and Dublmro^, T., l*e Colorijottri^ 

375^“(W25)f ^ 

21. feUtewm, t. V iQ CtttUna of 0«sm«l rh?a<oloor 
•5®oond *!ditlon. ^1111.^811*10, ■ . 

o*a|«c^y. {1943). 

Kllno, . l8 and .Uiffton, ^ t, , ^<U:e w, of 
^^cytes in th* Jlontn, '■• lwis#J 12^, 9»ix 

(4 Jpjamry 19^). ’ 

J®f^l®l» ■ of 4>rr®Xatl«m •nslysi* . 

York, tiohn iley and ^ons, Incorporated, {1941). 



22. 



*^ 3 . 



AUG 31 



B INDERY 



Thesis 18048 

M274 McWilliams 
0.2 Effects of radiation on 
the nucleoprotein metabol- 
ism of rabbit leucocytes 
as determined by the Uptake 
of radioactive phosphorus. 

AUG 31 DINOERY 



J !-i 

ffhesis ia048 

M274 McVilUams 

C.2 Ef'^ects of radiation on the nu- 
cleoprotein metabolism of rabbit 
leucocytes as determined by the up- 
take of radioactive phosphorus. 



Library 

U. S. Naval Postgraduate Scho* 
Monterey, California 



